The effectiveness of cephalexin, an oral cephalosporin using a dosage equivalent to available capsular dosage forms, was studied in relation to the effectiveness of phenoxymethyl penicillin and benzathine penicillin in the treatment of 128 patients with beta-hemolytic streptococcal pharyngitis, all but six of whom had group A streptococci isolated from throat cultures. Approximately one-half, 66 patients, received cephalexin for 10 days; 34 patients received phenoxymethyl penicillin for 10 days; and 28 patients had a single injection of benzathine penicillin. There were four treatment failures determined bacteriologically post-therapy, two in the cephalexin treatment group and one each in the oral penicillin and intramuscular penicillin groups. Similar cure rates of 96.7, 97.1, and 96.4% were computed for the respective treatment regimens. Whereas intramuscular benzathine penicillin remains the regimen of choice in most instances, cephalexin appeared to be as effective as oral penicillin in the elimination of group A streptococci from the pharynx when oral treatment was desired for streptococcal pharyngitis.
Cephalexin, an orally absorbed cephalosporin, is a broad-spectrum antimicrobial agent giving satisfactory blood levels after oral administration, and has been demonstrated to be very active in vitro against beta-hemolytic streptococci (11, 12, 15, 19) . It supplants an earlier developed member of the cephalosporin family, cephaloglycin, which was demonstrated to be clinically effective but was associated with low serum levels and with an unacceptably high incidence of side effects (9, 10) .
The drug of choice in the treatment of betahemolytic streptococcal pharyngitis has been intramuscular benzathine penicillin and, to a lesser degree, the various oral penicillins and erythromycin. However, penicillin in any form is contraindicated in the treatment of patients with penicillin allergy. Erythromycin is a wellestablished alternative to penicillin in this circumstance (16 Antibiotic therapy was instituted immediately after pharyngeal swabbing when patients manifested pronounced symptoms. In moit patients, however, therapy commenced after bacteriological confirmation. An instruction and information form explaining the need for treating streptococcal pharyngitis was given to the parents of each patient, and the importance of a 10-day course of therapy was stressed. Blood was drawn for antistreptolysin 0 (ASO) determination at the time of initiation of therapy. For follow-up: a second throat culture was obtained 3 to 5 days after the beginning of therapy, a third culture was obtained 4 to 6 days after completion of therapy, and another culture was obtained 21 to 28 days after therapy ended. On return visits, physical examination and urinalysis were performed and blood was drawn for ASO determination. Therapy was considered successful if the 4-to 6-day post-therapy culture was negative for the original organism, i.e., betahemolytic streptococci had been eliminated from the pharnynx.
ASO titer. ASO determinations were performed according to the protocol of Edwards (3). After blood was drawn and centrifuged, serum was removed and stored in a frozen state at -15 C. All serum specimens of a given patient were run at the same time. In determining which titers were abnormally elevated, the upper limits of normal were those established by Klein et al. (7) . Upper limits of normal for ASO titers in the different age groups were defined as the level of antibody titer exceeded by no more than 15% of the subjects in that age group. These upper limits were 85 Todd units in children less than 1 Susceptibility was determined by agar dilution technique (11, 12) .
RESULTS
Patient population. Beta-hemolytic streptococci were recovered from the throats of 152 patients, the initial study population, of whom 128 were contined in the study until the end. Twenty-three of the 24 were dropped because they did not complete an appropriate course of therapy or because of failure to obtain appropriate follow-up cultures. Eight cephalexin-treated patients and five phenoxy methyl penicillintreated patients failed to provide end of treatment (14-day) cultures and had admitted dubious compliance histories. Four cephalexintreated patients failed to provide 3-week follow-up cultures, as did four phenoxymethyl penicillin-treatment patients and two benzathine penicillin-treated patients. In addition, one patient was withdrawn from the study because of an adverse reaction to cephalexin during treatment.
In the study group of 128, 63 were males and 65 were females. There were 112 school-age patients 5 to 16 years old and 12 pre-schoolers 2 to 4 years old. Another four patients, over age 16, were included because they were seen concurrently with a younger family member in the study group. Sex and age information are shown in Table 1 .
Bacteriological findings. All but six of the 128 patients of the study population were found to have group A Streptococcus; of the six non-group A, three were group C and three were group G. The number of non-group A isolates is low because of the initial screening of cultures of patients included in the study population. The non-group A isolates were all eliminated from the pharynx, and their inclusion here was not felt to alter efficacy comparison results. Urinalysis. Fifty-eight cephalexin-treated patients (88%) had urinalysis pretherapy and/or during therapy plus at least one post-*treatment urinalysis result. In none was there a constellation of findings suggesting glomerulonephritis.
ASO. Three serial ASO responses were recorded for 86 patients with group A streptococcal pharyngitis in the three treatment regimens. Fifty-five of the 86 (64%) had a significant rise over pretherapy levels ( Table 2) . Fifty-two percent of those treated with cephalexin demonstrated a rise in titer as compared to 78 to 80% of those treated with phenoxymethyl and benzathine penicillin, respectively.
Approximately one-half (28 strains or 48%) of the strains typed during the period of the study on which complete ASO profiles were obtained were M type 5, T agglutination pattem 5/27/44. The ASO titer was either initially elevated with no subsequent rise (6) or demonstrated at least a 0.2-log titer rise (20) in every patient from whom this strain was isolated. The distribution of this M type 5, T agglutination pattem currences (12.4%) and carriers (5.6%) defined as those with a 5-week positive culture after negative cultures in the earlier convalescent period. Clearly, final determination of results at an earlier point in the post-therapy period would yield a higher figure, although Aximi et al. (1) , who did periodic cultures until 5 weeks elapsed, found only two bacteriological relapses (.08% incidence). Similarly, we found no recurrences with cephalexin-treated patients.
It should be stressed that the success rate with oral therapy in these studies can be misleading to the physician. Oral therapy in a study setting is reinforced by the enthusiasm and follow-up of the investigators. Compliance in most situations will not be as complete, especially if all of the measures used herein are not followed. Therefore, when possible, benzathine penicillin should be used and should be administered in the appropriate dosage. As was pointed out earlier, the single failure with benzathine penicillin occurred in a patient who received only 14,699 U/kg, the next to the lowest ratio recorded in that treatment group. A more appropriate dose may well have resulted in a cure.
The results of ASO titer rises obtained in this study are high compared to other results in our laboratory (16) and from other studies carried out here in Minnesota in the same patient population a few years earlier (5). However, approximately one-half of the strains recovered during this winter-months study were of a single epidemic strain with an M type 5 pattern not seen during the earlier study period (5) and which in this study was shown to be ubiquitously associated with either an already elevated ASO titer (25%) or with at least a 0.2-log titer rise (75% of these strains). This could also be interpreted to indicate that during this period of epidemic streptococcal pharyngitis a higher percentage of patients were truly infected with streptococcus and there were fewer carrier states included in the study population. These M type 5 strains were all from the same community and represented, in this study, an M type not found in this population previously (5), and not common in this area in the experience of the streptococcal research group at the University of Minnesota (E. L. Kaplan, personal communication). In addition, the patient population, i.e., county hospitals outpatients, may represent patients who were in high percentage activity infected at the time of being seen for treatment. Since most patients were not treated until bacteriological confirmation was obtained, the additional 2 to 3 days necessary to confirm the presence of group A orga- intramuscular penicillin as measured by the elimination of group A streptococci from the pharynx. Although the percentage of bacteriological cures with benzathine penicillin was no greater than with either of the oral regimens, this route of administration remains the treatment of choice, especially when compliance with an oral regimen seems in doubt. Careful explanation of the importance of administering the full course of treatment, the use of an easily visible dosage administration checklist, and follow-up reminders during the treatment period appear to result in improved bacteriological cures, making the results of oral therapy approach those of parenteral therapy. The low incidence of side effects and the generally mild nature of side effects, as determined in this study and others surveyed, make cephalexin appear to be an acceptable alternative to penicillin in treatment of streptococcal pharyngitis when an oral agent is desired.
